The paper examines the impact of unconventional monetary policy measures (UMPMs) implemented since 2008 in the United States, the United Kingdom, Euro area and Japanthe Systemic Four-on global monetary and liquidity conditions. Overall, the results show positive significant relationships. However, there are differences in the impact of the UMPMs of individual S4 countries on these conditions in other countries. UMPMs of the Bank of Japan have positive association with global liquidity but negative association with securities issuance. The quantitative easing (QE) of the Bank of England has the opposite association. Results for the quantitative easing measures of the United States Federal Reserve System (U.S. Fed) and the ECB UMPMs are more mixed. JEL Classification Numbers: E43, E51, F42, G28
I. INTRODUCTION
In recent years, central banks in several systemically important countries have adopted unconventional monetary policy measures (UMPMs)-ranging from large scale purchases of public and private debt securities to direct lending to banks-designed to inter alia, repair the monetary transmission mechanism by ensuring depth and liquidity in financial markets and provide monetary accommodation at the zero lower bound of policy interest rates.
2 One distinguishing feature of UMPMs, which has also been referred to as quantitative easing (QE) , is that the central bank actively uses its balance sheet to influence market prices and conditions beyond the use of a short-term or "policy" interest rate. 3 As a result of these policies, the balance sheets of the central banks implementing the UMPM programs expanded significantly over the period 2008-14. 4 This has led to large injections of money into the economy through increased reserves (which, by a "money multiplier," increased broad money), 5 as well as introduction of negative interest rates for some policy instruments in some advanced countries. 6 With money and securities being imperfect substitutes, these programs resulted in portfolio rebalancing of assets of the United States, the United Kingdom, Euro area, and Japan-the Systemic Four (S4)-banks and corporations, which in turn increased asset prices. 7 Investors responded by acquiring more risky assets outside the S4 that became relatively more attractive compared with S4 government bonds 2 For more details on UMPM goals, instruments, channels and effectiveness see IMF (2013b) . 3 Borio and Disyatat (2010) . 4 For instance, the cumulative balance sheet change over 2007-14 of the Federal Reserve, the Bank of Japan and the Bank of England amounted to 20 percent, 35 percent, and 17 percent of GDP, respectively. In comparison, the net increase in assets of the European Central Bank has been modest over a similar period as the extent of the QE program was not yet underway.
5 QE/UMPM can work as an extended form of open market operations. Nowadays, monetary policy mainly acts by setting a target for the overnight interest rate in the interbank money market and adjusting the supply of central bank money to that target through open market operations. To minimize the risk exposure of the central bank's balance sheet, all liquidity-providing operations normally take place in the form of reverse transactions against a menu of eligible collateral. As interest rates hit zero lower bound, additional monetary stimulus can be achieved in three complementary ways: (i) by guiding medium-to long-term interest rate expectations, (ii) by changing the composition of the central bank's balance sheet, and (iii) by expanding the size of the central bank's balance sheet. To study the impact of the later is a particular focus of this paper. 6 Friedman (2013) . 7 Bowdler and Radia (2013), Farmer R. E. A. (2012, 2013). and securities: capital outflows from the S4 rebounded leading to increased inflows and issuance of new securities in emerging market economies (EMEs). 8 The overall effect of the S4 UMPMs on the rest of the world (RoW) liquidity and monetary conditions is not yet clear, as positive trade and capital spillovers may likely be accompanied by increased macro-financial vulnerabilities. While empirical studies find evidence of significant spillovers of monetary easing in the S4 on the RoW through trade and finance channels, 9 research on the impact of the S4 UMPMs on the RoW banks' balance sheets, liquidity, and money supply is still in an embryonic stage. 10 Indeed, the substitution of cross-border banking flows with portfolio flows of non-banks does raise new concerns about financial vulnerabilities.
11
The growing role of non-financial corporations (NFCs) as de facto "financial intermediaries" may reduce the effectiveness of macroprudential policies and limit the ability of policy makers to respond to future shocks. Seen from a broader perspective, such UMPM programs might also lead to a loosening of fiscal discipline and shifts in the allocation of resources.
12
In this context, the overall effect of the S4 UMPMs on the RoW is likely to be dependent on both the specific policy frameworks of affected countries and each UMPM program. 13 Likewise, the affect of S4 UMPMs reversals on the RoW, i.e., monetary policy normalization, could also be varied.
14 Against this background, this paper attempts to break new ground in empirically investigating UMPM spillovers on global liquidity and monetary conditions and financial sector balance sheets in other countries. In particular, we focus our analysis on spillovers from S4 monetary policy easing (conventional and QE/UMPMs) on the RoW's monetary aggregates, banks' balance sheets (NFC deposits), and NFC securities issuances. We also assess potential threats stemming from UMPMs unwinding to the RoW. To the best of our 8 For a discussion on the QE/UMPM impact on cross-border capital flows, see Ahmed and Zlate (2013) , Cerutti (2014) , Fratzcher et al. (2012), Lo Duca, Nicoletti, and Martinez (2014) . 9 For example, see Bean (2013) , Cerutti et al, (2014) , Chen et al. (2012) , Dedola (2012) , Fratzscher, Lo Duca and Straub (2013) , Morgan (2011), and Subramanian (2014) . 10 Chung et al. (2014) . 11 For instance, see BIS (2010 BIS ( , 2013 , Shin (2012, 2013) , IMF GFSR (2014), Halm, Shin, and Shin (2013) , Zhao (2013), and Turner (2013) . 12 Filardo and Yetman (2012) , and Iwata and Takenaka (2011) . 13 Burns et al. (2014) , IMF Spillover Reports (2013 and 2014) . 14 Burns et al. (2014 ), IMF (2014b knowledge, this topic remains largely unexplored, which is a major gap in understanding of UMPM spillovers/leakages. The paper focuses on specific QE programs and UMPMs implemented by the S4: (i) the large-scale assets purchase (LSAP) by the U.S. Fed, split by type of securities into purchases of U.S. treasuries, mortgage backed securities (MBS), and securities of government sponsored enterprises (GSE); (ii) the QE strategy implemented by the Bank of England (BoE); (iii) the assets purchase program of the Bank of Japan (BoJ); and (iv) the ECB's government bond purchases (phases one and two), the ECB's three-year long-term refinancing operation (LTRO), and the ECB's securities market program (SMP).
We find positive and statistically significant relationships between UMPM implementation and global liquidity and monetary conditions in terms of global NFC deposit growth (including China), banks' cross-border flows, and issuance of securities (particularly in foreign currency). We also find significant differences in the impact of the UMPMs implemented by individual S4 on broad money, NFC deposits, and securities issuance in EMEs. The BoJ's asset purchases programs appear to have a positive impact on global liquidity and other countries' monetary conditions, while they appear to have a negative association with issuance of securities. In contrast, the effects of the QE program implemented by the BoE have strong negative association with global liquidity, measured by broad money and NFC deposits and positive impact on issuance of NFC securities. Results for QE implemented by the U.S. Fed and ECB UMPMs are mixed.
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The paper develops a new quarterly dataset covering the period Q1:2002-Q2:2014, leveraging monetary data reported by IMF member countries through the IMF's standardized report forms (SRFs), which have the advantage of providing a consistent set of definitions based on the IMF's Monetary and Financial Statistics Manual, and can be replicated over time and across countries using officially reported data. Core and non-core liabilities of banks are computed using detailed SRF data reported to the IMF on a confidential basis. Leveraging the IMF's SRFs is our major advantage, relying on broad money as monetary aggregate, which is comparable across SRF reporting countries. In contrast, other studies have typically relied on countries' self-reported monetary aggregates under more traditional classifications (e.g., M0, M2, etc.) subject to different national definitions, which make cross-country comparisons less meaningful.
The paper is organized as follows. Section II describes the analytical framework. Section III presents the data empirical analysis. Section IV summarizes the main findings and empirical results, and Section V concludes.
II. ANALYTICAL FRAMEWORK
During normal times, the central bank is neither involved in direct lending to the private sector or the government, nor in outright purchases of government bonds, corporate debt, or other types of debt instruments. To provide sufficient monetary stimulus to the economy during downturns, contain inflationary pressures during upturns, and to ensure the sound functioning of the money market, the central bank is steering the level of the key interest rate. When interest rates are brought down to zero due to powerful economic shocks, it is impossible to cut policy rates further to achieve additional monetary stimulus, and thus recourse to UMPMs is warranted.
16
Empirical assessments of UMPMs are challenging, since there is no generally accepted theoretical framework. Hence, the empirical analysis must be carefully designed to avoid imposing theoretical restrictions to mine the data for significant results. As UMPMs were not entirely unanticipated (with the possible exception of the first round of QE in the United States), studies that place large weight on announcement effects may arrive at misleading results. We do not directly take into account the announcement and/or communication channel of the UMPMs, as it was changing or evolving over time and worked through changes in supply of different assets.
17
The focus of this work is on the impact of stock effects of the programs, i.e., to what extent persistent shift in long-term bond yields (interest rates), as a result of UMPMs expansion of the S4 central banks' balance sheets, impacted global liquidity, monetary conditions, and financial sector balance sheets in other countries. 18 We assess the impact of these programs using a cross-country comparable broad money variable, banks' balance sheet variables (non-core liabilities as measured by NFC deposits), and NFC issuance of securities.
As the use of QE/UMPMs has become prevalent, it is possible that the market began to anticipate new rounds of QE/UMPMs and factored them into the pricing of assets prior to 16 However, UMPM may be warranted even when the policy interest rate is above zero if the monetary policy transmission mechanism is significantly impaired. Under these circumstances, central banks have two (not necessarily mutually exclusive) alternatives, namely (i) to reduce the short-term nominal interest rate even further than in normal conditions, and (ii) to act directly on the transmission mechanism by using nonconventional measures. 17 Krishnamurthy and Vissing-Jorgensen (2011) . 18 The stock and flow effects of the US QE programs are analyzed by D'Amico and King (2013) . their official announcement.
19
Also, as UMPMs were implemented in response to the global crisis, they are endogenous to other macroeconomic variables. Therefore, thorough assessments of the macroeconomic effects of unconventional monetary policies would require a counterfactual (i.e., what would have happened absent policy action).
20
Such an exercise would be primarily hypothetical, as there is no real empirical evidence or repeated experiment.
We believe, therefore, it is more appropriate to focus on the narrower question: the marginal effects of cross-border spillovers of the S4 UMPMs on other countries, controlling for global financial conditions and macroeconomic environment in individual countries (i.e. policy interest rate, exchange rate, inflation, GDP growth, etc.).
The importance of monetary aggregates and NFC deposits as a proxy for global liquidity and financial vulnerability indicators has been underscored in recent literature.
21
A number of studies 22 emphasize the role of non-core liabilities of banks, as one of the vulnerability indicators.
We approach the question two-fold by conducting descriptive analysis of possible transmission channels and by using regression analysis.
Our regression analysis is also based on a two-step approach:
 First, we instrument long-term interest rates by the S4 UMPM programs to directly extract the variation in yields explained by implemented UMPMs over the period analyzed.
 Second, we elaborate on the S4 UMPM's global and country level impact. We briefly discuss the relationship between UMPMs in each of the S4 and the associated changes in global money supply, global NFC deposits (including China), global domestic or crossborder credit, and global issuance of international securities. Finally, we focus on UMPM spillovers on individual country liquidity and monetary conditions, focusing on broad money, bank balance sheet liabilities (core and non-core), and issuance of securities. The countries are analyzed in various groupings or aggregations based on income levels depending on analytical needs.
III. DATA AND DESCRIPTIVE ANALYSIS OF UMPM TRANSMISSION CHANNELS

A. Data
The To measure countries' funding liquidity, we use the monetary aggregate L, which is defined as the sum of deposits of NFCs in the banking system (a.k.a., "other depository corporations" or ODCs).
25
The deposits of NFCs consist of transferable and other deposits included in the broad money aggregate, as well as transferable and other deposits excluded from the definition of broad money, both in local and foreign currency.
26
In addition, we use banking system foreign liabilities and the BIS and Dealogic statistics on debt securities issuance. 23 A full description of the dataset, including definitions of the variables and data sources is provided in Annex 1. 24 For non-SRF reporting countries, we use broad money series when available and otherwise proxy the broad money series with M0, M2, M3, money, and quasi-money depending on data availability. 25 See Chung et al. (2014) for the full definition and details. 26 The breakdown of the NFC deposits follows the methodology and classification of the Monetary and Financial Statistics Manual (IMF, 2000) , http://www.imf.org/external/pubs/ft/mfs/manual/index.htm; and the Monetary and Financial Statistics Compilation Guide (IMF, 2008) , http://www.imf.org/external/pubs/ft/cgmfs/eng/index.htm.
To assess the impact of QE/UMPM policies, we consider specific UMPMs. 27 We define QE/UMPM variables as changes in actual net asset purchases by the S4 central banks during Q1:2002-Q4:2013 and use it as an instrumental variable to isolate more directly the change in long-term yields that could be attributed to unconventional monetary policies in each of the S4 countries individually and the S4 as a whole.
28
B. Descriptive Analysis of UMPM Transmission Channels
As discussed earlier, the primary purpose of the UMPMs was to restore the functioning of financial markets and intermediation and to provide further monetary policy accommodation at the zero lower bound in S4. However, these policies had spillover effects on the rest of the world through the traditional interest rate channel by reducing longer-term yields, significant capital outflows from S4, boosted global liquidity, portfolio rebalancing channel and impact on exchange rates, reserves, and real channels. Additionally, we will argue that transmission of the UMPMs contributed to increased macro-financial vulnerabilities in other countries.
S4 central bank balance sheet policies were designed to cope with domestic policy challenges; however, there were sizable leakages of these policies through cross-border transmission channels to other countries.
29
 First, UMPMs may spillover cross-border through the traditional interest rate channel by reducing longer-term yields and encouraging investors to search for assets of similar maturities with higher risk-adjusted returns.
 Second, UMPMs could have portfolio rebalancing impacts domestically and crossborder. Central bank asset purchases changed the relative demand and prices of different securities, thus influenced investors' portfolio decisions through the portfolio balance channel. This might cause size and composition changes in private sector asset holdings.
 Third, sizable UMPM programs could have operated though boosting global liquidity. Persistently low interest rates and abundant liquidity could have created incentives for financial institutions in both advanced and emerging market economies to search for yields. In addition, QE/UMPMs could have had direct impact through the banking channel, as UMPM programs eased funding conditions and supported bank lending.
27 Empirical research measures QE as dummy variable equal to one for the day of the QE policy announcement, as a surplus of assets purchased, or as a change in central bank balance sheet.
28 A full description of the specific QE/UMPM programs that we consider and the methodology we use to identify UMPM related changes in long-term bond yields in our analysis are provided in Annex 2.
29 Chen et al. (2013) .
 Last but not least, QE/UMPMs could have an impact on other countries via exchange rate, reserves, and real channels.
30
The UMPMs implemented by the S4 and analyzed in this paper are negatively correlated with the nominal long term (LT) interest rates (Figure 1 ), confirming existing results of the empirical studies 31 that show that UMPMs had significant impact on respective long-term government bond yields (LT interest rates). This suggests that S4 UMPMs contributed to the compression of long-term interest rates in S4, which prompted a materialization of rebounded private capital outflows from these countries (Figure 2) . At the same time, not all types of S4 capital flows rebounded to the pre-crisis level. For example, gross private capital outflows after crisis in the Euro Area and the United States rebounded, but their levels remain significantly below the pre-crisis period. Private equity and other debt securities outflows, with exception of Japan, had rebounded the most (Figure 2 ), indirectly supporting the portfolio rebalancing channel of QE spillovers. As showed by Lo Duca, Nicoletti, and Martinez (2014), the U.S. QE had a large impact on corporate bond issuance globally, and especially in EMEs. At the same time, other investment assets from the United States, the United Kingdom, and the EA remain negative despite QE and ECB UMPMs, since banking systems of these countries continue rebuilding 30 Cho and Rhee (2014), Ikeda, Medvedev, and Rama (2015) , and Reed and Saghaian (2015).
31 Gagnon et al. (2011 ), Krishnamarthy and Vissing-Jorgensen (2011 ), D'Amico and King (2013 ), D'Amico et al. (2012 , Meaning and Zhu (2011), Swanson (2011) , Hamilton and Wu (2012) , Engen, Laubach, and Reifschneider (2015) , Li and Wei (2013) , and Ihrig et al. (2012) . If anything, monetary easing and increased capital outflows from S4 have contributed to EMEs' liquidity. Additionally to domestic portfolio rebalancing, low interest rate environment and search for yield caused increased demand for EMEs public and private debt assets. The low interest rate environment and increased demand from S4 led to increased issuance of government securities in EMEs. These developments resulted in increased net public debt flows to EMEs. As shown in Figure 3 , net public debt flows to EMEs (measured as total foreign assets less total foreign liabilities) became and remain significantly negative since 2009. 
UMPM Programs and Macro-financial Vulnerabilities
An analysis of domestic sources of liquidity shows that central banks in AMs injected significant amounts of liquidity to the financial markets during 2008-09 ( Figure 4 ). The primary purpose of these transactions was to stabilize the financial system and provide liquidity to banks. However, since the end of 2010, AMs have continued injecting liquidity into their domestic economies as a substitute for liquidity provisions by banks.
Monetary authorities in EMEs and LICs have expanded their balance sheets significantly as well, as a result of an accumulation of foreign reserves and sterilization operations. Additionally, on average, banking systems in EMEs and LICs continue to expand their balance sheets rapidly. Indeed, the BIS credit-to-GDP gap measure 32 has significantly widened recently for some EMEs, pointing to an increasing vulnerability and higher probability of future banking crises. Two factors may have contributed to this dynamic. Real GDP growth of EMEs and LICs declined since 2010 by more than one percentage point (from 4.8 to 3.6 percent). At the same time, banking system total assets in nominal terms continued to expand at a pace of about 15 percent on average during 2010-14. 32 The credit-to-GDP gap ("credit gap") is defined as the difference between the credit-to-GDP ratio and its long-term trend. Lowe (2002, 2004) first documented its property as a very useful early warning indicator (EWI) for banking crises. Their finding has been subsequently confirmed for a broad array of countries and a long time span that includes the most recent crisis. For more detail see Drehmann (2009), Fitch Ratings (2010) , Behn et al. (2013) , and Drehmann and Juselius (2014). The growing role of NFCs as de facto "financial intermediaries" may decrease the effectiveness of macroprudential policies and limit the ability of policy-makers to respond to future shocks. Furthermore, UMPM programs can entail economic costs: in particular, they could lead to misallocation of resources and risk loosening fiscal discipline.
34
As a result, the overall effect of UMPMs on the RoW is likely to differ depending on the nature of each major QE or UMPM program and the fundamentals and policy frameworks of the affected countries.
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The detailed analysis of the information collected by the IMF in the SRF forms for ODCs does not show any immediate concerns for EMEs' banking systems; however, it highlights a potential build-up of vulnerabilities on banks' balance sheets ( Figure 5 ). We analyze how capital outflows from S4 were allocated by the RoW banks. Within banks' balance sheets, borrowed liquidity can be allocated threefold: banks can (i) increase lending to their customers; (ii) invest in domestic or foreign securities; and/or (iii) hold money as vault cash or reserves within the central bank. The S4 UMPM impact on RoW countries' liquidity and monetary conditions will thus depend on the RoW banks' allocation scenario of global liquidity.
36
Since the peak in Q4:2008, AE banks' leverage (excluding S4 banks) is decreasing, while banks in EMEs are slowly leveraging up by increasing their exposure equally to all sectors of the domestic economy. The stock of credit to the private sector in EMEs and LICs has decreased immediately after the crisis in part due to the deleveraging of European banks, however, this trend was reversed in 2011. The total stock of banking credit in EMEs is currently higher than pre-crisis ( Figure 5 ).
Despite, significant changes to the liquidity regulation after the global financial crisis, there are no visible changes to banks liquidity in any of the three groups of countries (AEs, EMEs, and LICs). Banks in low-income countries continue to maintain the highest level of liquidity due to the high risk of doing business in historically underdeveloped markets.
33 BIS (2010 and , , GFSR (2014), Halm, Shin, and Shin (2013) , Zhao (2013), and Turner (2013) . 34 Filardo and Yetman (2012) , and Iwata and Takenaka (2012) . 35 Burns et al. (2014) , and the IMF Spillover Report (2013 and 2014). 36 As it is shown by Orlowski (2015) , the relative allocation of borrowed liquidity affects inflation risk, market risk, and, potentially in countries with flexible exchange rates and large portfolio capital inflows, the exchange rate risk. Additionally, invested liquidity may exacerbate tail risks in financial markets by contributing to higher asset-price volatility.
On the funding side, AEs has significantly reduced their reliance on wholesale funding (and in particular from abroad), while the picture is different for EMEs and LICs, making them more vulnerable to the interest rate and/or exchange rate shocks.
In addition, all groups of countries (AEs, EMEs, and LICs) on average increased their reliance on credit to the central bank and the government ( Figure 5 ): investments which are safer but less profitable and in some cases, crowd out private investments.
As suggested by the analysis in this paper, abundant global liquidity might be responsible for increasing vulnerabilities, in particular for banking systems in LICs, as shown by gradual but steady increase in the share of wholesale and foreign funding in total funding on banks. Nonetheless, banks in these countries maintain high liquidity and on balance they still have low leverage. This situation merits careful monitoring going forward.
The picture for EMEs is mixed as averages are masking increased vulnerabilities in some countries that are offset by positive developments in others. Consider two examples, Turkey versus Brazil: Brazil significantly decreased the share of nonresidents in total funding, while Turkey continues to increase its reliance on foreign funds. This in part explains the divergent path of non-core liabilities in the two countries and is in line with Chen (2015) , who found a heterogeneous and unevenly distributed costs and benefits of U.S. monetary policy spillovers on this group of countries. Credit to the private sector, as a share of total assets Credit to the CB and government, as a share of total assets Wholesale funding to total funding ratio Funding from abroad to total funding ratio Source: IMF SRF Data. Note: Data for country groupings calculated as simple averages across countries.  In Turkey (Figure 6 ), expansionary domestic policies, accompanied by abundant global liquidity, led to an increased share of non-resident holdings in total funding of ODCs, and, as a result, a decreased reliance on stable funding sources (i.e., domestic deposit). The share of non-core liabilities has doubled since 2009, whereas equity funding did not expand. Turkey's financial sector was mildly impacted by the global financial crisis of 2008-09, while recent trends call for continued close monitoring to preserve the sector's resilience going forward. In light of these developments, Turkish authorities adopted prudential measures to improve banking system resilience, such as the reserve option mechanism and asymmetric increase of the reserve requirements for (i) foreign currency (FX) denominated deposits against local currency deposits, (ii) non-core FX denominated deposits against core FX denominated deposits, and (iii) non-core short term deposits against non-core long term deposits since the first quarter of 2015.
 The situation looks different in Brazil (Figure 6 ). Monetary tightening and capital control measures implemented in Brazil in response to the increased capital inflows seemed to have helped maintain the non-resident participation share of total ODC funding and reliance on non-core liabilities. At the same time, increased volatility and weaker growth prospects could be important factors behind the decreased share of domestic deposits. Continued expansion of credit calls for close monitoring, particularly as share of equity funding remains stable. The detailed analysis of banking system balance sheets show that global liquidity and monetary conditions indeed associated with significant changes on EMEs and LICs balance sheets, and, as such, impacted liquidity, monetary conditions, and bank funding structures with rather diverging effects depending on a country's characteristics. While it is an important factor, domestic macro-financial policies matter for investors' differentiation among EMEs. Therefore, EME authorities should be cognizant of the need to cautiously monitor macro-financial vulnerabilities and fine-tune policies to adequately react to global challenges (and volatile capital flows). In the same vein, if the abundant global liquidity leads to reallocation of resources on banks' balance sheets and encourages loosening fiscal discipline, this might heighten the risks of policy mistakes. On the fiscal side, the room to maneuver could conceivably shrink due to increased public sector borrowing from abroad, in part as a result of search for yield in a low interest rate environment. As highlighted in the April 2015 Fiscal Monitor, debt ratios while generally moderate (about 42 percent of GDP) at present, are in many cases well above their pre-crisis levels and could constrain fiscal policy space in future ( Figure 7 ). We would add that low oil prices add to fiscal pressures in commodity exporting countries. 
IV. EMPIRICAL ANALYSIS AND RESULTS
A. Empirical Specifications
To conduct formal empirical analysis, we are guided by the following analytical framework. We define a time-series regression model (following Ahmed and Zlate (2013) , Cerutti (2014), Chung et al. (2014) ) to assess the impact of QE/UMPMs on global liquidity measures:
where:
∆ -the quarterly growth of global liquidity measured as quarterly growth rate in global money supply, NFC deposits, global domestic or cross-border credit, and global issuance of international securities at time t.
∆
-the contemporaneous log difference in the VIX -global CPI change, percent per annum, at time t; ∆ _ -the quarterly log difference in real effective exchange rate for US, at time t; and ∆ _ -instrumented changes in long-term bond yields that could be attributed to unconventional monetary policies in each of the S4 countries individually and the S4 as a whole at time t.
Following the approach suggested by Ahmed and Zlate (2013) , first, we regress the change in long-term bond yields (in percentage points) on one quarter ahead change of stocks of nominal values of assets purchases by the concerned central bank converted to U.S. dollars and normalized by the S4 nominal GDP (in percentage points). To construct the variable, we subtract from the fitted value the estimated constant and error terms.
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This model is estimated for the period Q1:2002-Q2:2014, using a simple OLS method bootstrapped regressions with 1,000 replications, as well as the GLS method to account for serial autocorrelation in the residuals. All variables are checked to be stationary. The results are broadly robust to the choice of the estimation method. 40 Next, we use cross-country panel regression analysis to analyze international spillovers of the S4 QE/UMPM programs on the liquidity and monetary conditions of individual country and country groupings. The baseline estimated model is the following:
∆ , -the log difference of liquidity measured as broad money supply, NFC deposits, and issuance of securities (split by public, financial and non-financial sectors) for country c at time t; ∆ -the contemporaneous log difference in the VIX from the previous quarter at time t; ∆ -the log difference of the global banks' interoffice cross-border positions at time t; ∆ _ -instrumented changes in long-term interest yields that could be attributed to unconventional monetary policies in each of the S4 countries individually and the S4 as a whole at time t;
, -individual country real GDP growth, inflation, change in the real effective exchange rate (REER), the difference between domestic and global interest rate, current account to GDP ratio, growth of export, the Chinn-Ito index, change in banks' total assets, set of institutional and regulatory measures for country c at time t; and 38 See Annex 2 for a full description of the QE/UMPM variables. 39 It is possible that the UMPMs, as identified, do not correctly measure the effects of individual UMPMs (i.e., coefficients of some countries' UMPMs may absorb the effects of other countries' UMPMs), considering the fact that different countries UMPMs were implemented sometimes in the same time periods. To test for possible misidentification we included S4 UMPM variables one by one to the model and estimated the coefficients (including splitting QE programs for the United States into two different variables) and then added remaining UMPMs in other countries (one-by-one and all together) to the model to check for the change in the coefficients, their significance and signs. The results confirm our main finding. 40 To account for possible endogeneity, we use Bayesian vector auto-regression analysis (BVAR) with no restrictions on the variables order to estimate the basic model, and find that the results are not impacted. The choice of the variables in models (1) and (2) is suggested by theoretical studies and based on previous empirical research on determinants of money supply or correlation between money supply and/or liquidity measures with real sector activities. One of the earliest studies that focused on the money stock was McKinnon (1982 As global control variables, we use the change in the VIX index (the stock option market implied volatility for the United States) to capture global economic and financial market volatility. To control the global economic cycle, we use the growth of the global real GDP. We use the U.S. term spread between the 10-year and three-month Treasury yields (or the U.S. Fed long-term interest rate) 42 to capture the spillover effects from the United States to the rest of the world, as well as various constructed UMPM variables. 43 We follow the approach suggested by Ahmed and Zlate (2013) and use changes in actual net asset purchases by the S4 central banks during Q1:2002-Q4:2013 as a dependent variable in the first stage regression model to isolate more directly the change in long-term yields that could be attributed to unconventional monetary policies in each of the S4 countries individually and the S4 as a whole. 44 Additionally, we control for the developments in the global bank internal capital markets using BIS information on interoffice claims.
To control for individual country demand and risks characteristics, we use country specific control variables, such as (lagged) real GDP growth, inflation, change in REER, the spread between local and international (U.S. federal fund rate) policy interest rates, export growth, 41 Bruno and Shin (2013) , Cerruti, Claessens and Ratnovski (2014), Chung et al. (2012) , Shin and Zhao (2013) , and Chung et al. (2014) . 42 For the U.K. and Japan, we use the spread between 10-year and three-moth government bond yield; and for the euro area the spread between the 10-year government bond yield and the main refinancing rate. 43 See Appendix II for full description. 44 Specifically, we first regress the annual change in long-term bond yield (in percentage points) on actual net asset purchases one quarter ahead (normalized by S4 nominal GDP). The one-quarter ahead value of asset purchases, rather than the contemporaneous value helps to deal with the announcements effect which precedes the actual purchases. current account in percent of GDP, change in total banks' assets, and a number of other country specific characteristics that define institutional and regulatory environment.
Model (2) estimated in the paper uses different country groupings based on income levels (advanced economies, and middle and low income countries), and includes and excludes the S4 countries from the sample (results are presented in Annex 3, Tables 3.2-3.7). One of the reasons to exclude S4 countries from the sample is to reduce spending and demand endogeneity and reverse causality issues from the S4 countries to the RoW, as the primary purpose of UMPMs is to influence domestic market assets prices and in this way stimulate S4 countries.
B. Impact on Global Liquidity, Global Monetary Aggregates, and Cross-Border Credit
To demonstrate how UMPMs impacted various global variables, we use the dataset identified in section A and estimate model (1). The main result of assessing whether UMPMs in the S4 had similar impact on global liquidity, global monetary aggregates and cross-border credit are the following (Annex 3, Table 3 .1):
 There is a positive but not robustly significant impact (association) of S4 UMPMs on global liquidity measures, as defined by the global growth of broad money, measured as M2 (or alternative measure of global money supply), 45 global NFC deposit growth, or global domestic credit growth.
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 There is a positive impact of total S4 UMPMs on international banks' crossborder (foreign and international) credit growth, and, in particular, extension of loans with longer maturity, when we control for global banks' inter-office lending. The results suggest no statistically significant impact of UMPMs on cross-border credit if we split the sample into banks, public sector, and nonbanks.
 There is a positive association between S4 UMPMs and international issuance of debt securities by non-S4 countries in FX.
The results show that banks and NFCs globally reduced their nominal spending and seem to repair their balance sheets after the crisis, confirming a similar result by Butt et al. (2012) . Additionally, Butt, et al. (2014) find that QE in U.K. gave rise to deposits that are likely to be short-lived in a given bank ('flighty' deposits), and as such its effect on bank lending is 45 See definition of the variables in Annex 1. 46 When we include each UMPM into the regression individually or all of them jointly, the results for individual UMPM are inconclusive.
diminished. Banks sold low-yield government debt to non-banks and thus non-bank deposits in the banking sectors declined.
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In addition, there has been substitution of bank credit by non-banks loans (such as, for example, trade credit), confirming observations from Chang et al. (2014) . At the same time, there was a targeted impact on particular segments of financial markets-MBS, GSE in the United Sates, (B. Friedman, 2014) and banks in Japan seemed to be buying asset backed commercial papers (ABCP) to cure bank balance sheets (Iwata and Takenaka, 2012) .
The differential nature of UMPM programs can have potentially countervailing effects on each other and on global liquidity. For example, the U.S. Fed was concentrating on the asset side of the balance sheet to support the financial intermediary function, while the BoJ was targeting the liability side to provide a buffer against funding liquidity by increasing private banks' excess reserve. The difference in policies is explained in part by the differences in financial systems-market-based system in the United States versus bank-based system in Japan. In addition, a positive effect of the QE programs in the United States might be reduced to a certain extent by the faster rate of new government bond issuance than the Fed's purchase of bonds. In comparison, we find similar mixed results as in the BIS/ECB research concerning the impact of the ECB UMPM programs. One of the conclusions here is that nonstandard monetary policy measures, while being instrumental in supporting financial intermediation and economic activity in the euro area, have had minimal impact on the euro area bank lending during 2010-13. Perhaps, the ongoing balance sheet repair of euro area banks has mitigated UMPM's impact.
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In addition, the results confirm conventional wisdom that there is a need to improve global banks' capital and solvency positions-global banks interoffice claims are highly statistically significant and positively associated with global liquidity measures. Meanwhile, the appreciation of the dollar has a strong negative impact on global liquidity.
C. International Spillovers of S4 UMPMs
To analyze international spillovers of the S4 UMPM programs on the liquidity and monetary conditions of individual country and various country groups, we estimate model (2) (see Annex 3. Table 3 .2-3.7). 49 47 While yields on government bonds went down significantly, they remain higher than interest paid on bank deposits, which partly explains non-banks interest in this product. 48 Constancio (2014) , Cour-Thimann and Winkler (2013) , and BIS quarterly review (2013, 2014) . 49 In the Annex we present only the main results. The additional tables with robustness check are available on request.
The main results of the cross-country panel regression model (2) are the following:  In line with our results on global liquidity, we find positive significant impact (association) of UMPMs on broad money growth, growth of NFC deposits, and international issuance of debt securities. This result holds for broader measures of money supply defined as total holdings of ODCs' deposits and securities and is primarily driven by EMEs-the coefficient on UMPMs in advanced economies sample is insignificant. The significance also disappears when we add dummies for foreign bank presence.
 When we split total UMPM impact by country we find a statistically negative impact of U.S. and U.K. assets' purchases on monetary and liquidity conditions in EMEs and LICs. At the same time, U.S. QE has a significantly positive association with the growth rate of broad money in advanced economies. The introduction of QE in Japan has positive spillover to EMEs liquidity and monetary conditions and one of the possible channels is through increased Japanese banks foreign claims on EMEs. This result is robust in different samples and when we control for institutional variables.
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While there is a positive association between EA UMPMs with other countries' monetary and liquidity conditions, this result is not robust to the model and variable specifications.
 The results for NFCs deposit growth are similar and even more significant. United Kingdom QE program had significant negative impact on NFCs deposits growth globally. This negative impact was compensated by the positive spillovers from Japan QE and EA UMPMs.
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U.S. QE measures also seem to have positive association with the NFCs deposit growth in advanced economies.
 We find strong positive association between QE in the United Kingdom and issuance of non-financial sector securities globally and negative relationships between QE in Japan and issuance of NFC bonds in other countries. We also find positive impact of the EA UMPMs on global issuance of NFCs' securities, primarily driven by the impact on other advanced economies. These results are robust to different specifications. Additionally, there is no statistically significant association between the UMPMs and issuance of public sector or financial sector securities.
These results are largely driven by the EMEs. This is not surprising, as the data described above showed clear indications of increased debt and securities issuance and other capital flows into these countries. The capital inflows into EMEs were probably led by a search for higher yield by foreign investors, as well as "carry trade" by domestic NFCs, which borrowed in hard currencies abroad and parked some proceeds in local banks.
The results for advanced economies are mixed and generally less significant. At the same time, there is an indication that the QE in the United States had significant positive impact on advance countries' money growth and liquidity, while UMPM measures in EA are positively associated with the increase issuance of NFCs securities in advanced economies.
V. CONCLUSIONS AND POLICY IMPLICATIONS
Through a detailed descriptive and econometric analysis the results of this paper suggest that the impact on global liquidity, monetary conditions, and bank balance sheets from individual S4 UMPMs differ depending on the nature of each program, initial macro-economic conditions, and countries' policy response. The U.S. QE programs might dominate in impact due to its size and the relevance of the U.S. dollar as a global transaction currency.
In addition, while we find a positive impact of S4 UMPMs on global liquidity and money growth, the differential nature of these programs can potentially have countervailing effects on each other and on global liquidity. For example, the U.S. Fed was concentrating on the asset side of the balance sheet to support the financial intermediary function, while the BoJ was targeting the liability side to provide a buffer against funding liquidity by increasing private banks' excess reserves. The difference in policies explained in part by the differences in financial systems (market-based system in the United States versus bank-based system in Japan). Targeted assets purchases programs may have a potential positive impact on asset markets as they may prevent excessive swings in asset prices.
The S4 UMPM policies had a statistically significant impact on the EMEs' banks money supply and funding liquidity though their impact on bank balance sheets, NFCs deposits, and NFC securities issuance. The portfolio rebalancing channel of QE/UMPM policies has led to the redistribution and increased issuance of EMEs' debt and has increased the non-core liabilities in EME banking sectors.
The results also suggest that non-core liabilities of EME banks exhibit higher volatility than those of developed countries, making EMEs banking systems more vulnerable to the S4 monetary policy reversals and unwinding of the programs. At the same time, macroprudential regulation in EMEs may become less effective due to the increased significance of the non-banking sector as de facto "financial intermediary."
Furthermore, UMPM programs have been accompanied by economic costs, since they seem to have led to the reallocation of resources on banks' balance sheets and possibly contributed to loosening fiscal discipline in EMEs. Therefore, close monitoring of macro-financial vulnerabilities in EMEs and undertaking debt sustainability analysis on a frequent basis may be prudent to head-off policy mistakes and to maintain financial stability. Finally, as monetary policy begins to normalize in the S4, RoW liquidity and monetary conditions might get tighter. As the "taper tantrum" episode of 2013 showed, 53 simply signaling a change in future monetary policy can create a wave of extreme volatility in the markets, influencing RoW exchange rates, flows and asset prices. This suggests the need for better communication among central banks and with the financial markets in addition to strengthening of the global financial safety net.
A full assessment of the effects of the UMPMs can be made only after a complete return to a normalized monetary policy. Nonetheless, at this point, our analysis can help shed light on the potential impact of the UMPMs on global monetary and liquidity conditions. 53 Sahay et al. (2014 
ANNEX 2: DEFINITION OF THE UMPM VARIABLES
For the purpose of this research we collected the following information on asset purchases programs and UMPMs by BoE, BoJ, ECB, and the U.S. Fed:
The United States
For U.S. QE measure Fed's data on stock of agency-and GSE-backed securities' assets are used. During first phase of QE Fed buys US$1.24 trillion in mortgage securities. On the 27 of August 2014, Ben Bernanke, the Chairman of the Federal Reserve at the time, gave a speech in which he set a stage for second and third phases of QE. During second phase of QE Fed buys US$600 billion in the U.S. treasury securities. From September 9, 2011, until December 31, 2012, Fed engaged in the co-called "Operation Twist" transactions. During the third phase of QE, Fed bought US$40 billion a month in mortgage securities (to infinity and beyond), and starting from 2013 Fed has been buying additional US$45 billion a month in the U.S. Treasuries until unemployment rate falls to 6.5 percent. From December 2013, Fed officially announced tapering of QE. The purchase of the U.S. Treasury securities are referred as the first U.S. QE program, and the purchases of agency debt plus mortgagebacked securities are referred to as the second QE program.
The United Kingdom
In the United Kingdom, the principal element of the unconventional measures was the policy of asset purchases financed by central bank money, so-called quantitative easing (QE). In January 2009, the Chancellor of the Exchequer authorized the BoE to set up an Asset Purchase Facility (APF) to buy high-quality assets financed by the issue of Treasury bills and the DMO's cash management operations.
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When assets are purchased from non-banks (either directly or indirectly via intermediate transactions), the banking sector gains both new reserves at the Bank of England and a corresponding increase in customer deposits. Between March 2009 and May 2012, the BoE purchased £325 billion worth of such asset. Since then, the BoE has expanded its APF by a further £50 billion. Weekly outstanding amounts of BoE assets were used to calculate the net actual purchases. The Bank also pursued a number of activities targeted to improve the functioning of specific financial markets, such as purchases of high-quality commercial paper and corporate bonds. The scale of these operations was much less than for the gilt purchases, consistent with the Bank acting as a backstop purchaser/seller with the intention of improving market functioning.
Japan
Japan announced its QE1 in March 2001.
2
The Bank increased the amount of its outright purchase of long-term government bonds from 400 billion yen per month, in cases where it was considered necessary for providing liquidity smoothly. The outright purchases were subject to the limitation that the outstanding amount of long-term government bonds effectively held by the Bank were kept below the outstanding balance of banknotes issued. The Assets Purchases Program (APP) was first introduced in October 2010 to promote economic growth and price stability. On October 5, 2010, the BoJ purchased JPY5 trillion in assets. In March, August, and October 2011, the BoJ increased the size of the APP by JPY5 trillion to JPY20 trillion to facilitate purchases of Japan government bonds (JGBs). This, along with the JPY35 trillion assigned to the fixed-rate funds-supplying operation, puts the APP at JPY55 trillion. The BOJ's APP also covers private sector financial assets, including commercial paper, corporate bonds, exchange-traded funds (ETFs), and real estate investment trusts (REITs) in addition to government securities. In February and April 2012, the BoJ purchased additional JPY20 trillion in assets. In July 2012, the BoJ conducted another purchase of JPY5 trillion. During September, October, and December 2012, the BoJ purchased JPY5 trillion in the JGB and JPY5 trillion in Treasury bills per month. In September 2013, the BoJ has expanded APP by JPY10 trillion, increasing overall size of the stimulus program to JPY80 trillion.
ECB
The ECB's UMPMs up to Q2 2014 are well described on the ECB website and in the ECB Monthly Bulletin.
3
Definition of the UMPM Variables
We use changes in net asset purchases by the S4 central banks during Q1:2002-Q4:2013 as an independent variable to isolate more directly the change in long-term yields that could be attributed to unconventional monetary policies in each of the S4 countries individually and the S4 as a whole. In this we follow the approach suggested by Ahmed and Zlate (2013) . First, we regress the change in long-term bond yields (in percentage points) on one quarter ahead change of stocks of nominal values of assets purchases by the concerned central bank converted to U.S. dollars and normalized by the S4 nominal GDP (in percentage points). To construct the variable, we subtract from the fitted value the estimated constant and error terms. In the first-stage regression (see below equation (3)), the coefficients on the changes in UMPMs is negative and statistically significant at the 1 percent level, with about 20 to 40 percent of the variation in yields explained by implemented UMPMs over the period analyzed in the United States, the United Kingdom, and Japan. The UMPM measures in the euro area showed no statistically significant impact on the compression of the euro area longterm yields over the period. To construct the total S4 UMPM measure we use the change in the U.S. long-term bond yield (as a proxy for global interest rate) and regress it on one quarter ahead change in actual stocks of assets purchases by the S4 central banks (normalized by the S4 nominal GDP). Notes: The table reports the estimates of panel regressions with country and time fixed effects and clustered standard errors at the country level. The dependent variable is the growth of broad money (from SRF forms). Column 1 represents results for the whole sample of 131 countries. Columns 2 and 3 show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. . Column 1 represents results for the whole sample of 131 countries. Columns 2 and 3 show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. . Column 1 represents results for the whole sample of 131 countries. Columns 2 and 3 show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. . Column 1 represents results for the whole sample of 131 countries. Columns 2 and 3 show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. Notes: The table reports the estimates of panel regressions with country and time fixed effects and clustered standard errors at the country level. The dependent variable is the growth of NFC securities issuance. Column 1 represents results for the whole sample of 131 countries. Columns 2 and 3 show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. show the results for the whole sample, excluding the S4 countries, using fixed (column 2) and random (column 3) effects models. In column 4, the lag of the independent variable is added to the model. Columns 5 and 6 show the results for advanced economies, first excluding S4 countries from the sample (column 5) and then including them (column 6). Column 7 represents the results for EME countries. And column 8 represents the result for the whole sample, excluding the S4, controlling for two institutional variables exchange rate regime (Ilzetzki, Reinhart and Rogoff (2008) ) and foreign ownership in banking sector (World Bank surveys on bank regulation). *** indicate significance at 1 percent, ** at 5 percent, and * at 10 percent, respectively. 
